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Disease: Any impairment of vital body
functions, systems, or organs.

— Causal agent a living organism
* Pathogen,such as viruses or bacteria
* Parasites

— Causal agent an environmental stressor
* Changes in salinity, temperature, light, etc.
e Exposure to toxic chemicals



Reports of coral disease across the world
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Increases in distribution and abundance of coral disease
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Florida Keys

1996-2000

Yellow band
# stations w/ disease: 26 -> 131

# coral species w/ disease: 11 -> 36
Overall coral cover: decreased by 37%

Porter et al. (2002)

Dark spots




Florida Keys
A. palmata

Losses of 87% or more

Patterson et al. 2002



Bahamas: Rainbow Reef




Bahamas: Rainbow Reef
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Coral disease hotspot Yellow band
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Lobophyllia white syndrome 1998-2003 Acropora white syndrome

# reefs w/ white syndrome: 4 -> 33
avg. # cases of white syndrome/reef: 1.7 -> 47.7

, Willis et al. (2004) Black band
Acropora growth anomalies
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Disease outbreaks across the Indo-Pacific



CORAL DISEASE

Increasing worldwide

Caused extensive damage to reefs in W. Atlantic
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~ Emerging as a problem in Indo-Pacific
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Assessing threats from coral disease

« Differential susceptibility among coral genera
* Virulence of different diseases
* Disease etiologies

““Predicted changes in disease threats W|th mcreasmg

anthropogenlc stressors and global cllmate change
o e —



Study Region coral genera

Willis et al. 2004 GBR Pocilloporidae, Acroporidae, Poritidae
Haapkyla et al. 2010 GBR Acropora, Montipora

Dalton & Smith 2006 eastern Australia Acropora, Turbinaria, Pocillopora
Aeby et al. 2008 American Samoa Acropora, Pavona, Porites

Myers & Raymundo 2009 |Micronesia Porites, Acropora, Pocillopora

Aeby et al. 2011 MHI & NWHI Porites, Acropora, Montipora

US Pacific Remote Island Areas
(Johnston Atoll, Wake, Baker,
Howland, Jarvis, Palmyra,

Vargas-Angel 2009 Kingman) Montipora, Porites, Acropora

Raymundo et al. 2005 Philippines Porites

Haapkyla et al. 2009 S.E. Sulawesi, Indonesia Acropora, Porites, Astreopora/Anacropora
Indian Ocean Cocos Islands,

Hobbs & Frisch 2010 Christmas Island Acropora

Williams et al. 2011 Palmyra Astreopora, Acropora, Montipora
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 Tissue loss

 Discoloration

 Growth anomaly

Work & Aeby 2006



Lesion Type

* Tissue loss Direct colony mortality

 Discoloration

Reduce coral growth
Decrease reproduction

 Growth anomaly




Rapid disease killing coral in Kaneohe Bay

Posted: Apr 02, 2010 10:38 AM
Updated: Apr 02, 2010 7:23 PM

By Jim Mendoza - bio | emall

KANEOHE (HawaiiNewsNow) - In Kaneohe Bay the backbone of an
ecosystem is under attack.

"What we're starting to see is whole clusters, ten, twenty, thirt
colonies all dead in an area as the disease has passed from o
other within the last four to five weeks," said Greta Aeby,
researcher with the Hawaii Institute of Marine Biology.

Acute Montipora White Syndrome -- a tissue Killin
slaughtered more than 100 colonies of red rice
Island.

"It usually comes in as a very bright wh)
colony. That white is where it's strip
said. "The problems here is that
you're wiping out a decade's w

Most of the damage is in

quality's the poorest. S ‘o‘\ @ P

Q, o P oe 0& Q'z’& 5°
"Our reefs have %@N > o & (\@*‘ )
pollution for R \O & " ~show
the result g on' & ‘0{@ ® e & o@@e - homes
for the shf. \"~ &% o &\ & o ~€ crumbles,
there's no pic Q@ \0\\ 5 & Gﬁ«’;@. ‘e bigger guys,"”
she said. o\ $«(\0$ @ ,boeo&i*

\9\ & N
Aeby and other res. 4&@»“““ v"’;@% 7 zones and are
R

analyzing coral samp. e° vo &2 .e,\" &

*;,é‘ 5%
"One thing that we wan. ¥ qxé‘_&q}"'b ;1at may be causing this disease.
So we're using histology, w. ”&,\0" 4 microbiology, we're using
molecular techniques to see ..~ _~Z might have been caused by a
bacterial infection,” she said.
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April 2010 April 2011




April 2007

Chronic MWS

Rate of tissue lost:
~5% of colony/month

Tissue 10ss>90%:
~30% of colonies:



Tissue loss
Medium virulence

Acropora ciliate disease Blackband disease




Low virulence

e L

%_f. Endolithic hypermycosis



WS=white syndrome, a=acute, c=chronic, BBD=black band disease, SEB=skeletal eroding
band, BrB=brown band, YBD=yellow band disease, mftl=multi-focal tissue loss,
Bl=bleaching, GA=growth anomaly, DS=dark spot=endolithic hypermycosis, VCBI=Vibrio
coralliilyticus induced bleaching, BND=brown necrotizing disease

low virulence:
reduced growth
or reproduction

high virulence: medium virulence:
acute tissue loss chronic tissue loss

Acropora cWS,BBD, ciliate, SEB, BrB, YBD
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SEB
BBD, SEB
cWS, mftl, BBD, SEB, ciliate, BrB

SEB, BBD,BrB GA, VCBI
mftl, c WS, BBD,PLS,YBD, BL w/ TS,

BND, SEB GA, trematodiasis
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What can cause disease?

eVirus

ebacteria

efungus




What can cause disease in coral?

evirus?

ebacteria ——

efungus

eparasites
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Coral Pathogens Identified for White Syndrome (WS)
Epizootics in the Indo-Pacific

Meir Sussman'™, Bette L. Willis', Steven Victor®, David G. Bourne®
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> White syndrome
Abstract
Background: White Syndrome (WS), a general temm for scleractinian coral diseases with acute signs of advancing tissue Pa Ia u’ M a rs h a I I Is’ G B R

lesions often resulting in total colony mortality, has been reported from locations thioughout the Indo-Pacific,
constituting a growing threat to coral reef ecosystems.

Methodolog y/Principal Findings: Bacterial solates were obtained from corals displaying disease signs at three WS
outbreak sites: Nikko Bay in the Republic of Palau, Nelly Bay in the central Great Barrier Reef {GBH) and Majuro Atoll in the
Republic of the Mashall Klands and used in laboratory-based infection triaks to satisfy Henle-Koch's postulates Evan’s rules
and Hill's criteria for establishing causality. Infected colonies produced similar $igns to those observed in the fisld following
exposum to bacterial concentrations of 1x10° cells mi~". Phylogenstic 165 rRNA gene analysis demonstratad that all six
pathogens identified in this study were members of the y-Prateobacteria lamily Vibrionacae, each with greatér than 98%
sequence identity with the previously characterized coml bleaching pathogen Vitrio covallilytiars. Screening for proteolytic
activity of more uw\ 150 coral derived bacterial solates by a biochemical assay and specific primers for a Vibso mily Bnc-
metal ated a significant association between the presence of isolates capable of proteolytic activity and
obs.ewed disease signs.

Vibrio coralliilyticus

Conclusion/Significance: This i the first study to provide evidence for the involvement of a unique taxonomic goup o
bacterial pathogens in the astiology of Indo-Pacific coral diseases affecting multiple coral species at multiple locations.
Results from this study strongly suggest the need for further investigation of bacterial proteolytic enzymes as possible
virulence factors involved in Vibwo associated acute coral infections.

Chuatiore Susaman M, Wik BL Vicer 5 Bauma DG (Q0G3) Conal Puthogend Idontifiad for White Syndronss (WS) Epdnotics [n the Indoe Fadfic. PLOS ONE 36)
COE. &d: 0.0 37 Vipumal pore 0002393

Edinor: Nyaz Avead, Canae for DNA Fingurprindng and DLgrnesdc, india

Recsived Mirds 4, 2005, Accapted Apdl 2, 2003, Published e 18, 2003
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Introduction cubturmg methods that are required to satdy Henle-Koch's

postulates [20] , namely that a putative pathagen is first solated an

Reparts an coral disease continue to rise [1) with cusrendy 29

owth medium and then used m pure cultwre to duplhicate di

reparted syndronses in the Carbbean (2] and 7 syndromes signs in bbara oy controlled mections. In many cases, more than
reparted from dhe Inda-Pacific [3]. However, the causes for caral A0 years afier Henle-Koch's own revolution, these experiments
discase and the methads by which to mvestig them are still aften &1, requiring the mwoduction of madem rules and crieria
heavily debated [+ 6]. Most effonts are direced owards n order 1 establish disease cawation [21 22]. These are afien

traditional sunveillance [J with comparatively dess research msad an staistical assocations rather than on “@awe and effet™
directed ©wards develping strategies for active ex sily cubtured [23] and athes

tibifity and enviranmental

Agement m Most microorganisms cannat be
wevention and cure [8
of coral dise

caral reef health mamgement, dise
_KU Unfortunasely, a ek of nowledg
=]

e camponents, namedy host susce

causane

ay juantly cantribuse to successful mfections in what &

# to2 stand still. To dase, anly 5 lacterial known as the “diease viad” [M]. To this end, modem diagnastic
species and ane fungal nt have been determined as causative waks have been developed that can be apglied to enhance our

agents for coral infectious diseses [11 17], and cwrendy m knowledge of caral dise

e 10 validase these

without targeting either 2 =

dizgmastic took or mamgement effons are t. These woak mchude cloning and

fndng el required for active mtervention. [18_19] gradient gel elecwrophoress [25], fluarescent v sty hyl
The study of dis n complex enviranmental setings & often [26], microarmays [27] and me  30], just 10 nane 2

difficult. Modern studies have cast a shadow on traditiomal w, and are wed o either dedect new pathogens or vabidate their

. PLaS ONE | wwwplasone.org 1 June 2008 | Volume 3 | lssue 6 | e2393




Drivers of coral disease?




Coral bleaching and disease combine to cause extensive
mortality on reefs in US Virgin Islands

Reaeived: 3 May 2006, Acaspted: 15 May 2006 / Published onfine: 13 June X106
© Springer-Verkg 2006

= e
sl Dec 29, 2005
Fig. 1 Four-month tme series of Mowrasrrow ¢ wis and Povises povires. Beached condition on September 29, 2005 Partal calor
ery by October 31, 5. Moare cokor recovery but disease mortlity on Novemmber 30, 2005 Martality from disease spreads on
emher 29, 2005

Reefs in the LS Virgin Idands experenced extensive hleaching in September 2005 wath > 90% coral cover bleached ¢ = 20 video
transects ot each of five reefsites). Mean reef water temperatures fram A prll 2005 to September S were s gnificantly higher than
the previous 14 years. Coraks began regaining calor m October as water emperatures deareased, and mimimal coral monality was
abserved

Momtonng from November 2005 to Aprdl 2006 revealed significant coral montality followmg desenct White Plague discase
signs, resultng in unprecedented K% bosses m camal cover (Fg. 1). Chronke montality from this dscase has occurrad manthly
at anc mansarmg s snce 1997, but with prevalence rates not related %0 devated temperatures or previous bl ching cvents
(Miller et al. 2003)

Whilk coral morality fom bleachmg events has been nell documented (Hoegh Guldberg 1999 ) this study shows that anly with
frequent momtonng woukd these post-bleaching mortality patterns and presence of pathogenic discase be detected

ikdberg O (1999) Chmate change, coral blsicheng and the future of the workd's coml reefe. Mar Preshw Res S0839-866
Miller J, Rogers C, Waamn R (2003) Momtorng the coml disease, white plague on coml reefs in St John US Virgin [shinds. Rev Bial
Trop SiSuppl 4):47-55

J. Miller (B4) - R. Waam

National Park Service, South Florda/Canbbean Inventary and Manstonng Network, 1300 Cruz Bay Creck, St. John,
V1 ad , USA

E-maidl: Willam J_Miller@nps gov

E. Muller - C. Rogers

US Gedlogcal Survey, 1300 Cruz Bay Creek, St John, VI 00380, USA

) ‘ Coml Reefs (2006) 25: 418
DOT 10.1007/500338-006-0125-6

Sept 2005
*>90% coral bleached

*White plague outbreak
followed in November
2005

*26-48% loss of coral
cover
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Thermal Stress and Coral Cover as Drivers of
Coral Disease QOutbreaks
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National Oceanic and Atmospheric Administration, Siver Spring, Manyland, United State s of America, 4 Austasfian Research Coundil Centre of Excelence in Coral Asef Studies,
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Very little is known about how environmental changes such as increasing temp affect di: dy ics in the
ocean, especially at large spatial scales. We asked whether the frequency of warm temperature anomalies is positively
related to the freq y of coral di across 1,500 km of Australia’s Great Barrier Reef. We used a new high-
resolution satellite dataset of ocean temperature and 6 y of coral disease and coral cover data from annual surveys of
48 reefs to answer this question. We found a highly signiﬁum relaﬁonshnp between the frequencies of warm
temperature anomalies and of white syndrome, an po ially, a group of diseases, of Pacific
reef-building corals. The effect of temperature was hlg\ly dependent on coral cover because white syndrome
outbreaks followed warm years, but only on high (>50%) cover reefs, suggesting an important role of hostdensity asa
threshold for outbreaks. Our results indicate that the frequency of temperature anomalies, which is predicted to
increase in most tropical oceans, can increase the susceptibility of corals to disease, leading to outbreaks where corals
are abundant.

Gtation: Bruno JF, Selfig ER Casey KS, Page CA, Willis 8L, et al. (2007) Themnal stress and coral cover as drivers of coral disease outhresks. PLoS Biol 5{6): €124 doc10.1371/
journal ptio 0050124

Introduction

Climatic and oceanographic conditions can modify a wide
variety of ecological processes. For example, ocean temper-
ature can control species ranges, the strength of species
interactions, the dispersal and survival of marine larvae, and
the mtes of metabolism and speciation [1-6]. Additionally,
anomalously high temperature and other environmental
sresses can influence the severity and dynamics of infectious
discases by increasing host susceptibility and pathogen
virulence [7,8]. For example, the severity of human epidemics
including cholera [9-11] and tick-borne encephalitis [12] are
both related to temperature and, possibly, to recent climate
change [13] Temperamre and climate change have also been
implicated in plant and animal disease outbreaks in both
terrestrial and aquatic habitats [7,14-17], and could influence
coral disease severity [18-20], potentially accelerating the
global loss of coral reefs.

Corals are the foundation species of tropical coral reef
ecosystems. They direcdy facilitate thousands of associated
species by generating the physically complex reef structure
[21,22]. Reductions in coral abundance can cause rapid loss of
reef biodiversity [23]. The hypothesized link between anom-
alously high temperatmures and coral disease outbreaks is
supported by small-scale field studies indicating that preva-
lence and the rate of within-colony spread of several coral
diseases are higher during the summer [24-30]. Such seasonal
changes in discase severity could be driven in par by higher
summertime temperature, but could also be caused by a
variety of other abiotic factors that vary seasonally within

sites. Additionally, such investigations do not directly address

PLoS Blology | www.plosbiology.org

the role of temperature anomalies in driving the conspicuous
variability of coral disease severity among years and locations
[30-32] that has long intrigued coral reef ecologists. Missing
are large-scale, longitudinal investigations that combine long-
term monitoring of multiple populations with accurate, fine-
grained measurcments of local temperature anomalies
Longitudinal studies (ie., the repeated sampling of individ-
uals or populations) help control for potential confounding
factors and inherent temporal variability [33]. Such powerful
epidemiological approaches are rarely applied to marine
epidemics (but see [34,55]), which has limited our under-
standing of potential links between temperature and disease
outbreaks in the ocean, especially at large spatial scales.
Here we describe a regional-scale test of the hypothesis that
ocean temperature can influence disease frequency. We
analyzed the relationship between the frequency of white
syndrome in scleractinian corals and of warm temperature
anomalies across the Great Barrier Reef (GBR). Forty-eight
reefs were monitored for 6 y (1998-2004), and recf-specific

Academic Editor: Callum Roberts, Univesity of York, United Kingdom
Received August 23, 2006 Accepted Maxch 5, 2007; Published May 8, 2007

Copyright: © 2007 Bauno et al. This is an open-acaess anticle distsbuted under the
terms of the Creative Commons Public Domain decisration which stipulstes that,
onae placed in the public domain, this wosk may be freely reproduced, distributed,
transmitted, modified, built upon, or otherwise used by anyone for any lawful
puDoe.

Abbrevistions: GBR Gmat Barrier Reef, OISST, Optimum interpolation Ses Surface
Tempetum; S5T, sea suface temperature; WSSTA, weekly ses suface temper
atuse anomaly
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Growth Anomalies on the Coral Genera Acropora and
Porites Are Strongly Associated with Host Density and
Human Population Size across the Indo-Pacific
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Abstract

Growth anomalies (GAs) are common, tumor-like diseases that can cause significant morbidity and decreased fecundity in the
major Indo-Padfic reef-building coral genera, Acapara and Porites. GAs are unusually tractable for testing hypotheses about
drivers of coral disease because of their pan-Pacific distributions, relatively high occurrence, and unambiguous ease of
identification. We modeled multiple disease-environment associations that may underlie the prevalence of Acopora growth

anomalies (AGA) (n =304 surveys) and Parites growth anomalies (PGA) (n=602 surveys) from across the Indo-Padfic. Nine O S a u n a n C e
predictor variables were modeled, including coral host abundance, human population size, and sea surface temperature and

ultra-violet radiation anomalies. Prevalence of both AGAs and PGAs were strongly host density-dependent. PGAs additionally
showed strong positive associations with human population size. Although this association has been widely posited, this is
one of the first broad-scale studies unambiguouwsly linking a coral disease with human population size. These results

emphasize that individual coral diseases can show relatively distinct patterns of association with environmental predictors, u I I I a n S
even in similar diseases (growth anomalies) found on different host genera (Acropora vs. Parites). As human densities and

environmental degradation increase globaly, the prevalence of coral diseases like PGAs could increase accordingly, halted
only perhaps by dedines in host density below thresholds required for disease establishment.

Citatior: Asby GS, Willams GJ, Fankiin £C, Haapkyla J, Hanvell (D, et 2l (2011) Growth Anomalies on the (oral Genera Agopam and Porites Are Strongly
Assacated with Host Density and Human Populaton Sze acoss the Indo-Pacfic PLoS ONE 6(2): €16887. dot10.137 1/joumal pone 0016887

Editor: Christian Voolstm, King Abdulish University of Science and Technology, Saudi Ambia
Receaived September 26, 2010; Accepted lsnuasy 4, 2011; Published February 18, 2011

This is an open-access artcle distributed under the terms of the Greative Commons Pulblic Domain declantion which sSpulstes that onae placed in the public
domain, this work may be fresly reproduced, distsbuted, tramsmitted, madified, built upon, or otherwise used by anyone for any lawful purpose.
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Introduction community phase-shifis (e.g. from coraldominated 10 alg-
dominated) [11]. The causes of mast coral diseases are unknown,
Caoral reef represent some of the most biologically diverse However, undenstanding how coral disease prevalence reates
ecosystems on the planet, but these important habitats are changes in reef environmental quality may provide dues 10 diseas
dedining worldwide due to human owrexploitation, land-based etiology. Coral dsease increases are assodated with local
pollution, global dimate change, and disease outhreaks [1-65].  anthropogenic stressors such as poor water quality [12-17], as
While the situation is most severe in the Caribbean, coral reefs are well as global stressors such as sea-sudace temperature xmuu]m
dlso in dedine acros the Indo-Pacific, where an annual lass in [18] and resultant coral bleaching events [19-22).
coral cover of approximately 1% has occurred over the last 20 environmental co-factors may vary between disease nJ. s [
years, increasing 10 2% between 1997 and 2003 [7]. Coral diseases few efforts have been made to model individual coral diseases \ulh
contribute to this dedine by cawing a loss of live coral cover [B- multiple, posibly interacting, environmental cofactors, but see
10] that, under extreme drcunstances, can lead to camplete [17,18,22].

PLoS ONE | www.plosone.org 1 February 2011 | Volume 6 | lssue 2 | e16887
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Nutrient enrichment enhances black band disease progression in corals
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& Springer-Verlag
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Abstract Infectious duseases are necogmized as sgnaficant
contributors to the dramatic lost of comak observed
worklwxle. However, the causes of increased coral dis-
ease prevaknoe and severity are not well understood.
One potental factor 5 elevated nutrent concantration
relsted 10 localzed anthropogenx activities such =
inadequate waste waler treatment or terrestnal runoff
In ths study the effect of nutnent ennchment on the
progression of black band disease (BBD) was mvest
galed wang both m sty and lsboratory expenments.
Expermental mcresses m localwed nutrent availsbality
using commercial time relesse fertibizer in sty resulted 1n
doubling of BBD progression and coral tssue loss m the
common meefl framework coral Siderastren siderea.
Laborstory expenments n which artfically infected S.
siderea colonies were exposed 10 incremed nitrate con-
centrations (up to 3 pM) demonstratel amlar moreases
in BBD progrsson. These findings provide evlence
that the mpucts of this dsese on comal populations are
exacerhated by nutrent ennchment and that manage-
ment to curtaill exces nutnent loading may be important
for reducmg coral cover loss due to BBD

Keywards Coral dsesse - Black band disease
Nutnent enrchment - Coral reefs

Introduction

Globally, comal reefs are undergomg detrmmental loss
and degradaton (Hughes et al. 2003). This trend has
been particdarly severe on neefs of the wader Caribbean,
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where an estimatal 80% of coral cover has been lost
over the past three decades (Gardner et al. 2003). Con-
curment with losses in comal cover there have been dra
mabc incremies m the number, frguency, geographse
dutribution, and host range of @ral dsesses (Rixchand
son 1995, Harvell et al. 1999; Porter ef al 2001; Rxh-
ardson and Aromson 2002; Sutherland et al X0d; Wall
2004). Infectious dsesses of corals are now recgnued
= symificant contributors to the degradation observed
m coral communities, particularly on Canbbean reefs
{Roienbery and Loya 204). To date, 18 coral duesses
have been descnbal (Sutherland et al. 2004), but only six
of these have been chamaderzed m terms of pathogen
wlentification and disesse etiology.

Although the reasons for the mcreases in coral dis
exmie incxlence and prevalence are largely unknown
(Rxhardson et al 199%), numerous factors mcluding
both natural and local anthropogenic impacts have been
suggested as potenta]l contnbutors o this phenomenon
(Jackson et al. 2001; Rosenberg and Ben-Ham 2002). Of
partcular concem s anthropogenic nutnent enndunent.
Potentis] human-related sources of elevated nutraents to
the reef environment include madequate sewage treat-
ment {(Lapomte & al. 1990; Pau et al. 1995; Ssmant and
Forrester 1996; Lipp et al. 2002), and incressed lemres
tnal runoff nelsted 1o development (Hallock et al. 1993,
Costa et al. 200). The most common natural, ofShorne
contnbutions 10 nuinent enrxhment orgmate from
comstal upwellmg, cocasionally ssociated with intemal
txlal bores (Laichteret al. 1996, 2003) or volcan events
(Genm et al. 1995). Both incressed nutnent avalatabity
and degesse!] herbavory can kad (o phase shifls from
coraldomimated to macroalgal-dommated communities
(Lattler and Littler 1934; Done 1992, Hughes 1994;

Steneck and Dethser 1994) Only a lmted number of

stuches have sssesed the potential mierachions between
mereasex! nutnents and reel degrxdation other than
phae shifls. One potential effect may be an enhance
ment of pathogen-asociated coral dsasses.

To date, four published studies have included a
quantitative ssessment of the relatonship between

Nutrient stress
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Seasonal Rainfall and Runoff Promote Coral Disease on
an Inshore Reef
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Abstract

Badkground: Declining water quality coupled with the effects of dimate change are rapidly increasing coral diseases on
reefs worldwide, although links between coral diseases and environmental parameters remain poorly understood. This is
the first study to document a correlation between coral disease and water quality on an inshore reef.

Methodology/Prindpal Findings: The temporal dynamics of the coral disease atramentous necrosis (AN) was investigated
over two years within inshore populations of Montipara aequituberculata in the central Great Barrier Reef, in relation to
rainfall, salinity, temperature, water column chlorophyll a, suspended solids, sedimentation, dissolved organic arbon, and
particulate nitrogen, phosphorus and organic carbon. Overall, mean AN prevalence was 10-fold greater during summer wet
seasons than winter dry seasons. A 254old greater mean disease abundance was detected during the summer of 2009 (44
+ SE 67 diseased colonies per 25 m?), when rainfall was 1.64old greater than in the summer of 2008. Two water quality
parameters explained 67% of the variance in monthly disease prevalence in a Partial Least Squares regression analysis;
disease abundance was negatively comelated with salinity (R2=—06) but positively comelated with water column
particulate organic arbon concentration (R2=032). Seasonal temperature pattems were also positively cormrelated with
disease abundance, but explained only a small portion of the variance.

Land-based sources of
pollution

Conclusions/Signifiance: The results suggest that rainfall and associated runoff may facilitate seasonal disease outbreaks,
potentially by redudng hast fitness or by increasing pathogen virulence due to higher availability of nutrients and organic
matter. In the future, rainfall and seawater temperatures are likely to increase due to climate change which may lead to
decreased health of inshore reefs.
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Introduction Coral eefs are increasingy threatened by changes in water

) quality from terrestrial runoff [7), dimate change [8,9] and over

Discase has emerged as a significant threat to wildlife  oxplitation [10,11]. Coral bleaching and disease have emerged as

populations in recent decades [eg.1, 2. A recent review highlights  gominant drivers of coral population declines on coral teefs,
the sulstantial role that environmental nutrient endchment has particularly as oceans have warmed in the past few decades [12

played in contributing to patterns of emerging human and wildlife Current research supports a connection befween a warming

diseases and the urgent need for studies to understand lix B
particularly in light of ongoing intensification of global matrient
cydes [3]. The current undestanding of marine dseases is poor in
comparison to knowledge of human, agricultural and terrestrial
wildlife diseases [4]. It appears that epidemiological theories
developed for terrestrial diseases may not transdate well to marine
ecasystens [45]. For example, dseases appear to spread more
apidly in comparatively open oceanic ecosystems [6] and marine
lullm\n'm are more diverse taxonomically and in their life
histories [5]. This, marine case studies that advance understand-
ing of potential links between nutrient enrichment and marine
diseases are crtical il management tools for the long-tenn
conservation of marine wildlife are to be effective.

. PLoS ONE | www.plosone.org

climate and increasing incidence of diease in corals [12,13,14].
For example, warm temperatures and high coral cover hawe been
linked to increased abundance of white syndromes on the Great
Barrier Reef (GBR) [14] and progression rates of black band
disease were higher in the austral summer [15,16]. Howewer, links
1o most other anthropogenic disturbances are less clear [17].
Although the mechanisms are unknown, outhreaks of disease on
some coral reefs have been correlated with increases in nutrient
runoff [18,19]. In the Philippines, a higher prevalence of growth
anomalies and Ay

s ukcerative white spot disease was found near
a sewage outfall [20], and white pox has also been linked to sewage
inputs in the Caribbean [21]. Field experiments in the Caribbean

have demorstrated that moderate increases in dssolved norgani
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Drivers of coral disease
Host abundance

Global climate change

* increased sea surface temperature

* increased temperature anomalies

* increased frequency of bleaching events
Human stressors
e Land-basedwpollution — —  ~
* Sedimentation

e Overfishing

* Human usage



Assessing threats from coral disease

Differential susceptibility among coral genera
*Acropora, Montipora, Porites, Pocillopora, Turbinarea, Astreopora,
Pavona

Virulence of different diseases
*Acute tissue loss — chronic tissue loss — reduced growth or
reproduction

Disease etiologies
-Bacterla fungus, paraS|tes protozoa

Predicted changes in disease threats Wlth mcreasmg

anthropogenlc"stressors and global climate change |
~ +Increased frequency of disease outbreaks

eIncreased virulence






